Mass Extinctions-Past and Present
Bibliography
Alvarez, L.W., W. Alvarez, F. Asaro, and H.V. Michel: 1980, ‘Extraterrestrial Cause for the Cretaceous-Tertiary Extinction’, Science, 208, p. 1095-1108.

Alvarez. et. al. use clay and rock chemical analysis at the Cretaceous-Tertiary contact in Italy and Denmark to document unusually elevated levels of Iridium (Ir), 30 to 120 times background levels as measured in adjacent rocks. Of the 28 elements measured in Italy, and 48 in Denmark, only Iridium had elevated levels. The authors systematically discount seawater, the upper crust, and a supernova as sources of the Ir. Instead they propose an extraterrestrial object as the source. Quick discussions summarize asteroid occurrences in the solar system, look at the effects of Krakatoa, estimate the asteroid size (10 +/- 4.4km) and look at the biological effects of a global dust cloud that cut off all photosynthesis. For future work Alvarez et. al. encouraged a search for the crater, looks at other mass extinctions as impact events, and a reorganization of fossil evidence to group extinct genera by food chain associations that would be effected by an impact winter.

This is the paper that sparked the raging debate of the last two decades around the K-T boundary. Alvarez et. al. focused only on the Iridium evidence, but later work found much more evidence of an impact, including microtektites and shocked quartz. The paper is well written and well illustrated. The authors systematically eliminate alternate hypothesis with ample data. They also predicted where research would follow: to find the crater, link impacts to other extinctions, and reexamine the paleontological evidence.
Frankel, C., The End of the Dinosaurs: Chicxulub Crater and Mass Extinctions, Cambridge University Press, Cambridge, 1999.
A large bolide caused the end Cretaceous extinction and many others as well, according to the evidence and interpretation in The End of the Dinosaurs. After Alvarez et. al. first presented the impact theory in their 1980 article, researchers compiled hefty evidence in support of it. Spikes of Iridium (3-5 ppb, 40+ times the background rate) and other rare metals are considered tell tale signs of extraterrestrial impacts. Shocked quartz is another result of high pressure impacts, especially two or more intersecting sets of lines which can only form at pressures higher than those created in volcanic eruptions.  Small drops of impact melt, called microtektites, embedded in the rock record are the third piece of evidence for an impact. Closer to the impact site, the Chicxulub crater, shocked quartz grains get bigger and the microtektite layer gets thicker, indicating a causal relationship. The Iridium layer, in contrast, is consistent around the globe because it settled out of the atmosphere after impact. Other evidence includes spinel crystals, breccia, an astrobleme (impact scar), tsunami deposits, carbon isotope anomalies (from wildfires and elevated carbon dioxide levels) and oxygen isotope anomalies (the result of ensuing climate change).

 A review of other mass extinctions – 4 major ones and 20 minor ones – indicates that at least one quarter to one half could be tied to bolide impacts. Several have pieces of the evidence described above and the dates of these impacts closely match dates of astroblemes found on the earth’s surface. Current research programs are locating asteroids and comets that could intercept earth’s orbit and cause a modern day catastrophe.

Frankel is unabashedly an impact theorist. He writes a wonderful tale of how the impact story started as a wild theory with the 1980 Alvarez et al. article (and a bit before) and became the accepted explanation of the K-T extinction over the ensuing twenty years. He uses a discovery style and builds the story chronologically, following each piece of evidence as it was found and explaining its strengths and weaknesses. Periodically Frankel dismisses the volcanists argument with short paragraphs or couple page sections. The entire book is a series of short chapters (2-5 pages) that cleanly organize the story. I enjoyed the read, but it is definitely science writing filled with citations and attributions to specific researchers. Frankel offers many names and articles for follow-up. At the end I was left curious about the volcanists theories and challenges to Frankel’s story, since he writes with such confidence and certainty.
Article on the Volcanist theory that I have not read:

Courtillot, V.: 1994, ‘Mass Extinctions in the Last 300 Million Years: One Impact and Seven Flood Basalts?’ Israel Journal of Earth Sciences, 43, 3-4, p. 255-266.

Courtillot is a French volcanoligist and leading advocate of flood basalts as causes of Mass Extinctions. Much of his work is with the Deccan Flood basalts, paleomagnetic reversals, and dynamics within the mantle.

Toon, O.B., R.P. Turco, and C. Covey: 1997, ‘Environmental Perturbations Caused by the Impact of Asteroids and Comets,’ Review of Geophysics, 35, 1, p. 41-78.

A series of impact-associated mechanisms affect the global biosphere at different scales, depending on the size of an asteroid or comet that strikes the earth. A nuclear war could unleash some of the same mechanisms. Toon et al. review the impactor population and impact process. Then follows a comprehensive review of the direct blast effects, earthquakes, tsunamis, dust loading, nitric acid rain, ozone depletion, water injections, and sulfate aerosol formation associated with an impact such as the one that caused the K/T boundary extinction. A review of the hazard to humans and a discussion of effects at different scales wrap up the paper.

This exhaustive and exhausting review of impactor effects touches all the important mechanisms that would affect the biosphere after an asteroid impact on earth. This is a very technical article with formulas and figures that show relationships between impact force and the scale of consequences in the categories mentioned above. I could not find another article that gathered so much disparate information on mechanisms of extinction under one title. This will make a good reference and the citation list includes every major and important paper about the impact theory and its role in mass extinctions.

Cockell, C. S. and Stokes D. M.: 1998, ‘Polar Winter: A Biological Model for Impact Events and Related Dark/Cold Climate Changes,’ Climatic Change. 41, no.2, p. 151-173.
Moving beyond the debate of what caused mass extinctions, we are faced with questions such as: What did the earth look like at this time? What environmental conditions existed for surviving life forms? Where did life survive? 

 Bolide impacts, volcanic eruptions, severe wildfires, and a nuclear weapons exchange could all create a long period of darkness (three to six months) and a period of global cooling (10-35 degrees Celsius). These conditions are remarkably similar to present day polar winters, especially for the land and surrounding waters of Antarctica. A catastrophe-induced winter would be unusually abrupt, but the emergence from such conditions would closely mimic spring in polar regions today.

 Probably all polar life forms could survive a catastrophic winter, while temperate and tropical marine and terrestrial species are more likely to go extinct. Exceptions include benthic (ocean bottom) species and subterranean insects, microbes, bacteria and rodents that would be insulated by the earth. Although the poles could also be refugia during such a catastrophe, many species are so specifically adapted (penguins, ptarmigan, polar fox) that they are unlikely to recolonize a life-poor earth after return of solar insolation and increased temperatures. Only planktonic and bacterial species would likely recolonize sterilized oceans, since many have optimum growth rates near nineteen degrees Celsius, but also survive polar conditions. 

Cockell and Stokes review a wide array of articles and propose the Polar Refuge model in this article. They compare catastrophe conditions to a polar winter and review biological responses to the cold and dark. The discussion jumps back and forth between current day polar conditions and what a catastrophe would look like in a jerky manner with few figures or tables. An exception in Figure 3. Anatomy of a dark/cold catastrophe – a useful flow chart of ecological events following catastrophe. The paper is quite general and could have been shortened considerably. Three pages of references are useful if you wish to investigate catastrophes and mass extinctions further.

Vitousek, P.M., H.A. Mooney, J. Lubchenco, and J.M. Melillo: 1997, ‘Human Domination of Earth’s Ecosystems,’ Science. 277, p. 494-499.

We live on a human-dominated planet. Due to human population growth and resource use we are transforming the land, altering global biogeochemistry, and causing biotic additions and losses (extinction). These changes lead to the greatest concerns of our environmental crisis: global climate change and the loss of biological diversity. Humans have three options for addressing the situations: 1) Work to reduce the rate at which we impact the Earth system; 2) Accelerate our efforts to understand the Earth’s ecosystems; 3) We must responsibly manage the planet.

This article is a broad brush outline of the ways that humans impact the earth. It presents summary statistics, but no primary data. The figures are good and illustrate the abstract well on their own. A few especially vague summary sentences left me wanting more specifics. I would read the more focused papers that followed in this issue of Science to get that information. The references cite important works in ecology, biogeochemical cycling, and climate change. The authors repeat the phrase “human-dominated” several times. This is a good topic for discussion.

Chapin III, F.S., E.S. Zavaleta, V.T. Eviners, R.L. Naylor, P.M. Vitousek, H.L. Reynolds, D.U. Hooper, S. Lavorel, O.E. Sala, S.E. Hobbie, M.C. Mack, and S. Diaz: 2000, ‘Consequences of changing biodiversity,’ Nature. 405, p. 234-242.

Humans are altering the global environment by changing biogeochemical cycles, transforming land and enhancing the mobility of biota which lead to climate change and loss of biodiversity. Loss of species diversity directly effects ecosystem process. Key species often regulate nutrient flow, disturbance regime, or microclimates. Interactive effects between species through competition, mutualism, and trophic levels are crucial to understanding the effects of changing diversity. As species composition changes through extinction or mobility, the resultant changes in ecological processes lead to measurable societal costs. Nonlinear cost increases are likely due to irreversible species losses and positive feedback loops. These costs are hard to plan for. Estimated costs of exotic species in the U.S. range from $1.1 – 3.7 billion annually. Chapin et. al. set out a blueprint for action that includes: 1)Identify nonlinearities in responses to biodiversity changes; 2) Advocacy by the scientific community and informed citizens; 3)Land managers should consider consequences of biodiversity change; 4) Collaboration between scientists, citizen and governmental organizations; 5)Establish an international body to deal with biodiversity change; 6)Institute international agreements.

Chapin et al. continue the thought started in the Vitousek et al. (1997) paper summarized above. They do a good job of trying to specify exactly how changes in species biodiversity can affect ecological processes and in turn lead to measurable societal costs. Several flow charts, figures, and boxes of text on specific topics help communicate their ideas. The writing is a bit wordy and dense at times, but good topic sentences carry the organization. This is an important piece in the evolving dialogue on our environmental crisis. The authors make a strong statement in calling for greater advocacy by the scientific community as part of their blueprint for change. 
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